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 This study aims to isolate and determine the antagonistic activity of lime's 
endophytic mushrooms on Candida albicans. Antagonism tests were 
performed in vitro with dual culture methods. The study obtained 14 
isolates that were successfully isolated from the stem, roots, leaves, and 
peels of lime fruit. A total of 8 isolates could inhibit Candida albicans 
through antibiosis mechanisms and healthy competition. The isolates with 
the highest inhibition percentage were KD2 and MA1 (42.85%). 
 
Aktivitas Antagonistik Jamur Endofit Tanaman Jeruk Nipis (Citrus 
aurantifolia) Terhadap Candida albicans 
 
ABSTRAK: Penelitian ini bertujuan untuk mengisolasi dan mengetahui 
aktivitas antagonistik jamur endofit dari jeruk nipis terhadap Candida 
albicans. Uji antagonisme dilakukan secara in vitro dengan metode uji 
ganda (dual culture). Berdasarkan hasil penelitian diperoleh 14 isolat 
yang berhasil diisolasi dari organ batang, akar, daun dan kulit buah jeruk 
nipis. Sebanyak 8 isolat diantaranya memiliki kemampuan menghambat 
Candida albicans melalui mekanisme antibiosis dan kompetisi nutrisi. 
Isolat yang memiliki persentase hambatan paling tinggi adalah isolat KD2 




Indonesia is an agricultural country 
(Hijjang et al., 2014) famous for its agricultural 
products, including lime (IKASARI et al., 2018; 
Putra et al., 2019). Lime (Citrus aurantifolia) is 
one of the plants that is often used as herbal 
medicine (Chismirina & Magistra, 2016; 
Parama et al., 2019; Razak et al., 2013). 
However, endophytic microbes in lime plants 
are not widely known. Endophytic microbes can 
be fungi or bacteria found in healthy plant tissue 
without causing disease symptoms (Kurnia et 
al., 2014; Puspita et al., 2013). The endophytic 
fungi occupy roots, stems, bark, leaves, and 
fruits  (Utami, 2017).  
Endophytic fungi have not been widely 
explored (Puspita et al., 2013). It is estimated 
that there are at least one million species of 
endophytic fungi (Suliati, n.d.; Yulianti, 2012). 
Endophytic fungi are known to inhibit the 
growth of several pathogenic fungi, namely 
Cryptococcus neoformans and Candida 
albicans  (Kuncoro & Sugijanto, 2011).  
Endophytic fungi inhibit the growth of other 
microbes through the mechanism of nutrient 
competition, antibiosis and parasitism  
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(Amaria et al., 2016; Kusumawardani et al., 
2015; Rachmatunnisa & Rukmi, 2017). 
Endophytic fungi produce bioactive 
compounds that can inhibit the growth of 
pathogenic microbes (Iqlima et al., 2017; 
Sepriana et al., 2020; Widiantini et al., 2018). 
These compounds also can be developed as 
new antimicrobial candidates (Astuti et al., 
2019; Suardana et al., 2007). 
Furthermore, Candida albicans is a 
normal flora found in the gastrointestinal 
tract (Itsa et al., 2018; Makhfirah et al., 
2020), skin, and mucous membranes 
(Kurniawati et al., 2020; Pertiwi et al., 2016). 
However, an excessive amount of Candida 
albicans can cause Candidiasis (Alfiah et al., 
2015; Lestari, 2015; Mutia & Saleh, 2016). 
Candidiasis is a disease that can attack 
humans' skin, nails, and mucous membranes 
(Indrayati & Sari, 2018). Candida Albicans 
high resistance level to antifungals, such as 
amphotericin-B and fluconazole, makes the 
development of new antimicrobials urgent 
(Imani, 2014; Septiadi et al., 2013).  
Many studies on antagonistic activity 
have been conducted, including the 
antagonistic activity of ginger endophytic 
fungus and compost solution (Sari et al., n.d.; 
Suardana et al., 2007), administration of 
growth regulators on limes' shoot growth 
(Aeni et al., 2017), and the In Vitro growth of 
Staphylococcus aureus bacteria (Razak et al., 
2013). The previous research focused on the 
fungal analysis, not the antagonistic activity. 
Therefore, in this study, the lime's 
endophytic fungi were isolated and tested 
for isolates' antagonistic activity on the in-
vitro growth of the pathogenic fungus 
Candida albicans.  
METHOD  
The lime plants were obtained from the 
garden in Warungboto, Yogyakarta, taken in 
April. The plant organs taken were the roots, 
stems, leaves, and peels. The researchers 
performed the fungal isolation process in a 
laboratory. The roots, stems, leaves, and peels of 
lime fruit were cut into 2 cm parts. Each sample 
was washed with 70% alcohol for 30 minutes 
and then washed with NaCIO solution for 60 
seconds. Next, the samples were washed again 
with alcohol for 30 seconds, washed with sterile 
distilled water, and dried. Each sample was then 
ground and placed on PDA media to grow the 
fungal colonies. After the fungus grows, it is then 
transferred to a new medium to be observed 
macroscopically and microscopically. 
The tests performed were the dual test 
method (dual culture). Pure Candida 
albicans and each isolate of endophytic 
fungus were inoculated on a petri dish 
containing PDA media with a distance of 3 
cm between the endophytic fungus and 
Candida albicans. The negative control was 
Candida albicans without endophytic fungi 
inoculation. They were incubated at room 
temperature (25- 28℃) for seven days. 
Observations were made by measuring the 
diameter of fungal growth and the inhibition 
zone formed.  
 
RESULTS AND DISCUSSION 
Fourteen fungal isolates were obtained as 
the results of the endophytic fungi isolation. 
The macroscopic characteristics of fungi can 
be seen in Table 1, while the microscopic 
characteristics of fungi can be seen in Table 
2. Each fungus had different characteristics. 
Macroscopic observations were made to 
observe the colour of the fungal colonies, 
while microscopic observations were made 
to observe the shape of the hyphae and the 
means of fungal reproduction. Endophytic 
fungi with codes MA1, MB1, MC1, KA2, and 
KB1 had septate hyphae, while isolates MA2, 
MB2, MC2, KA1, KB1, KC1, KC2, KD1 and 
KD2 had non-septate hyphae. The 
morphological differences of the endophytic 
fungal hyphae can be seen in Figure 1. The 
asexual reproduction of endophytic fungi 
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Table 1. Macroscopic Characteristics of Endophytic Fungal Isolates. 
No. Origin 
Organ 




1. Root MA1 White Yellow 
MA2 Green White 
KA1 Black Yellow 
KA2 Gray White 
2. stem MB1 White Beige 
MB2 Green White 
KB1 White Chocolate 
KB2 Green White 
3. Peel MC1 Green White 
MC2 White White 
KC1 Yellow White 
KC2 Black White 
4. Leaf KD1 Green Yellow 
KD2 Black Yellow 
 
Table 2. Microscopic Characteristics of Endophytic Fungal Isolates 
No. Origin 
Organ 
Code Hyphae Form Spore 
form/conidia 
1. Root MA1 Septate Crescent moon 
MA2 Non-septate Round 
KA1 Septate Oval 
KA2 Non-septate Round 
2. stem MB1 Non-septate Round 
MB2 Non-septate Round 
KB1 Septate Round conidia 
KB2 Septate Round conidia 
3. Peel MC1 Septate Oval 
MC2 Non-septate Round 
KC1 Non-septate Round 
KC2 Non-septate Round 
4. Leaf KD1 Non-septate Round 
KD2 Non-septate Round 
 
The antagonism test revealed that eight 
isolates showed antagonistic activity. The 
inhibition differences of each endophytic 
fungal isolate on Candida albicans can be 
seen in Figure 2. The inhibition percentage 
was calculated by comparing the length of the 
radius of Candida albicans colonies between 
the control and the treatment using the dual 
culture method. The highest endophytic 
fungi inhibition was found in isolates KD2 
and MA1 (42.85%). The fungus that had the 
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Figure 1. Microscopic Observation of Endophytic Fungal Isolates (A) Septate Hyphae on KD1 Isolates 
(B) Septate Hyphae on KB1 isolates (400x Magnification) 
 
Figure 2. The Inhibition Percentage of Endophytic Fungi on Candida Albicans 
 
The inhibition mechanism can be 
antibiosis and nutritional competition. 
Observations on the antagonism test showed 
that isolates MA1, MC1, KAI, and KD2 showed an 
antibiosis mechanism of antagonism because an 
inhibitory zone was formed between mycelium. 
The mechanism of inhibition can be seen in 
Figure 3. The mechanism of antibiosis was 
indicated by the clear zones formed between 
colonies of endophytic fungi and Candida 
albicans. The antibiosis mechanism can be 
determined by forming a clear zone of inhibition 
around the colonies of antagonistic fungi and 
pathogenic fungi (Imu Rohayatun & 
Rahmawati, 2017). In the antibiosis 
inhibition mechanism, fungi secrete 
bioactive compounds to suppress the 
growth of other nearby fungi (Ridwan & 
Prastia, 2017). Fungi can produce alkaloids 
and mycotoxins that can damage the growth 
of other fungi (Dani et al., 2012; 
Kusumawardani et al., 2015). Therefore, the 
inhibition zone was caused by the production 
of bioactive compounds that inhibited the 
growth of other fungi. 
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A.  B.  
C.  D.  
Figure 3. The results of the antagonism test between endophytic fungi and Candida albicans. (A.) An 
inhibition zone was formed between endophytic fungi (KA1) and Candida albicans, (B.) Endophytic 
fungi (KC1) inhibited Candida albicans without forming an inhibition zone. (C.) Endophytic fungi 
(KB1) covered the colonies of Candida albicans, (D.) Endophytic fungi (MB1) grew faster than Candida 
albicans. Description : P = Candida albicans fungus; E = Endophytic fungi. 
 
Another antagonistic mechanism is 
competition for nutrients. Isolates MB1, KA2, 
KB1, and KC1, showed an antagonism 
mechanism by nutritional competition. The 
mechanism of nutrient competition was caused 
by differences in growth rates between 
endophytic fungi and Candida albicans on PDA 
media. The mechanism of nutrient competition 
occurred because of the nutritional 
requirements of fungi and different growth 
rates. Also, the third indicator described the 
relationship and created a model. In this 
analysis, the error made was that the lime plant 
studied was not only the Candida albicans 
fungus, according to the problem statement. 
Moreover, the fungus is also present in 
other plants. Based on the results of interviews, 
the errors made by research subjects were 
generally caused by several factors 
(Kurniawati et al., 2020)  and the role of 
virulence factors in Candida Albicans (Lestari, 
2015). The results also revealed that there 
were many differences and shortcomings from 
other studies. Besides the material 
misunderstanding and testing tools, it was 
impossible to determine the other fungal 
shapes based on the size and shape of a 
particular lime. 
 
CONCLUSIONS AND SUGGESTIONS 
Fourteen endophytic fungi isolated from 
lime (Citrus aurantifolia) were obtained 
from root organs, stems, leaves, and peels. 
The fungal isolates that produced the 
highest percentage of inhibition were KD2 
and MA1 (42.85%). The inhibition 
mechanism of the endophytic fungi on 
Candida albicans was antibiosis and 
nutritional competition. Further research 
is needed to identify endophytic fungi with 
a molecular approach. The researchers 
suggest further research must provide 
appropriate trial material.  
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